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We investigate a real salar eld whose dynamis is governed by a nonlinear wave equation. We
show that lassial desription an be applied to a quantum system of many interating bosons
provided that some quantum ingredients are inluded. An universal ation has to be introdued in
order to dene partile number. The value of this ation should be equal to the Plank onstant.
This onstrain an be imposed by removing high frequeny modes from the dynamis by introduing
a ut-o. We show that the position of the ut-o has to be arefully adjusted. Finally, we show
the proper hoie of the ut-o ensures that all low frequeny eigenenmodes whih are taken into
aount are marosopially oupied.
I. INTRODUCTION
Desription of interating many body quantum system
it is a very diult task. Exept of a few rather aademi
problems exat solutions are not aessible and some ap-
proximated methods are neessary. Reent attempts of
desription of a Bose-Einstein ondensate at nite tem-
perature [1℄-[3℄ showed that it is possible to signiantly
simplify theoretial methods of solving quantum dynam-
is. This is due to the assumption of marosopi ou-
pation of single partile modes. It is worth notiing that
Bose-Einstein ondensate is not the only system with
marosopi oupation of quantum states.
Historially the rst and the best known system with
suh properties is eletromagneti eld. As long as in-
tensity is large lassial approah based on Maxwell's
equations is valid. The lassial point of view was the
only one used until the beginning of the twentieth en-
tury. However this approah turned out to be inadequate
to desribe experiments with small intensities and there-
fore the onept of photon had to be introdued. On the
other hand, physial phenomena involving marosopi-
ally large eld amplitudes (or equivalently large num-
ber of photons) are suessfully desribed by the lassial
eletri and magneti elds [4℄. Although quantization of
eletromagneti eld is a well established proedure, the
inverse proedure, i.e. substitution of a quantum eld by
a lassial one is often heuristi and based on physial
intuition rather than formal arguments. At this point we
should mention the Glauber theory of oherent states [5℄
of eletromagneti eld. If the eld is in a oherent state
then eletri and magneti led operators an be substi-
tuted by their non-vanishing mean values in this state.
These mean values are interpreted as lassial elds.
Although oherent states provide a link between lassi-
al and quantum theories the situation is not that simple
in ase of partiles with non-zero mass. Superseletion
rules do not allow for superposition of states with dier-
ent number of partiles. Therefore, one annot introdue
oherent states for suh elds. Suh a situation takes
plae in the ase of atomi Bose ondensates, where the
number of partiles is xed.
In Bose ondensates at low temperatures only few
lowest energy levels are marosopially oupied. One
might expet that disrete struture of the matter eld is
not essential and desription of the system by a `lassial
wave' should be valid. This expetation has no rigorous
justiation. However an ingenious idea of Bogoliubov
onsisting in substitution of the annihilation operator of
a partile in the ondensate mode by a -number ampli-
tude [6℄ is extremely suessful and widely used. This ap-
proah leads to a mean eld desription of the system in
terms of a lassial elds satisfying the Gross-Pitaevskii
equation.
Thus the standard theory of Bose ondensate at zero
temperature is based on the Bogoliubov method. Re-
ently this idea was extended to nite temperatures and
is alled the lassial elds method. It is suessful in
desribing equilibrium properties of Bose ondensate at
nite temperatures, exitations spetrum, dissipative dy-
namis of vorties and many other nite temperature
phenomena [2℄.
The lassial elds method is based on heuristi substi-
tution of Bose operators by -number amplitudes. This
substitution an be easily justied at very low tempera-
tures sine pratially all partiles oupy the ondensate
mode. On the other hand it seems questionable at tem-
peratures lose to the ritial temperature. Nevertheless
the lassial elds method works quite well up to the
ondensation point. It is known that the Bose-Einstein
ondensation is a quantum phenomenon and the ritial
temperature depends on the Plank onstant.
The Plank onstant is usually introdued into the-
ory through ommutation relations for the eld opera-
tors. Those however are violated in the lassial elds
approah. Nevertheless this approah preserves some
bosoni features of the system. Therefore it is justied
to ask whih features of the quantum system are taken
into aount in the lassial eld methods and whih as-
sumptions leads to orret predition of the ondensation
temperature. In partiular one may ask how does the
Plank onstant enter into the lassial eld method.
In order to answer these questions, at least partially, we
hoose the following approah. We start with a lassial
system of interating harmoni osillators and study its
dynamis. At a later stage we inlude some quantum
2ingredients and pinpoint the moment where the Plank
onstant appears. This approah justies the lassial
elds method and shows its limitations.
The paper is organized as follows. In Se. II we in-
trodue the model. We disuss the numerial tehniques
that we use and main features of numerial solutions. A
partiular form of interations between osillators leads
to nonlinear equations similar to those studied by Fermi,
Pasta and Ulam [7℄. Unlike the Fermi-Pasta-Ulam results
the dynamis given by our model leads to thermalization
of the system. In Se. III we analyze the state of ther-
mal equilibrium reahed by the system, we study energy
equipartition, and dene the temperature of the system.
In Se. IV we analyze the system in terms of quasiparti-
les and oupation of single partile state. We show that
elementary exitations (phonons) are distributed aord-
ing to the low frequeny part of Bose statistis. High
frequeny part is introdued by hand with the help of
properly hosen ut-o. In this way we mimi quantum
statistis in the whole range of frequenies. In se. V we
onlude by summarizing our results and showing their
impliations for the lassial elds method.
II. DYNAMICS OF A NONLINEAR STRING
In this setion we are going to introdue the model
and its basi equations. We onsider a one dimensional
elasti string of length L and linear mass density ρ. In or-
der to nd dynamial equations of motion we divide the
string into N − 1 elements of length l0 = L/N and mass
m = l0ρ. Eah element is replaed by a point-like par-
tile interating with the nearest neighbor via harmoni
fores. The restoring fore F ating on eah partile is
proportional to displaement∆l0 from its equilibrium po-
sition, F = −Y (∆l0/l0) where Y is the Young modulus.
Thus the string an be viewed asN partiles moving on a
line, eah of them onneted to two neighbors by a spring
with equilibrium length l0 and elasti onstantK = Y/l0.
We denote equilibrium positions of eah partile (osilla-
tor) by xj = jl0 (j = 1, . . . , N) and their displaements
from equilibrium (along the axis of the string) by φj . The
Newton equations of motion for the displaements are:
mφ¨j = −K(2φj − φj+1 − φj−1). (1)
For the future onveniene we assume periodi boundary
onditions, i.e. φj = φj+N . Eq. (1) is used in dierent
areas of physis, e.g. in desription of vibration of one-
dimensional rystal lattie. Analyti solutions of (1) are
available in terms of plane waves, [8℄.
Let us remark, that in the limit of ontinuous medium,
N → ∞ (i.e. l0 → 0) Eq.(1) takes the form of wave
equation:
∂2φ(x, t)
∂t2
− c2 ∂
2φ(x, t)
∂x2
= 0, (2)
where c =
√
Y/ρ is the veloity of sound. In the language
of lassial eld theories equation (1) desribes free salar
eld of zero harge. In the following we will use the
disrete version of the model.
We will now take into aount a nonlinearity. For
simpliity we assume that the nonlinear interation is of
short range (loal) and the dynamial equation is:
mφ¨j = −K(2yj − φj+1 − φj−1)− Λφ3j , (3)
where Λ is a real parameter. This form of interation is
widely used in various areas of physis, in partiular in
the so alled φ4 eld theory, [9℄.
Equation (3) is very similar to the one whih appears in
the famous Fermi-Pasta-Ulam (FPU) problem [7℄. There
are, however, two dierenes. First, in the FPU ase
displaements of the rst and the last osillators are set
to zero (as opposed to periodi boundary onditions as-
sumed here). Seondly, the nonlinear term in the FPU
equation is of a dierent form. The authors onsid-
ered non-loal nonlinear fores, for example of the form
(φj − φj−1)r, where r = 2 or r = 3. The results of FPU
alulations show that the system shows `very little, if
any, tendeny toward equipartition of energy among de-
grees of freedom', [7℄. On the ontrary, as we are going
to show in the following, the system desribed by Eq.(3)
reahes a state of thermal equilibrium haraterized by
equipartition of energy.
Let us introdue natural units: 1) unit of length L, 2)
unit of time t0 = l0/c and 3) unit of energy ǫ = KL
2
.
The set of oupled nonlinear equations takes the form:
φ¨j = −(2φj − φj+1 − φj−1)− λφ3j , (4)
where
λ =
Λ
K
L2 (5)
is the nonlinear oupling onstant. We assume that λ,
does not depend on l0. Therefore oeients in Eq.(4)
do not depend on the number of osillators N .
Eq. (4) leads to energy onservation:
E =
1
2
∑
j
[φ˙2j + (φj − φj−1)2 + λ
1
2
φ4j ] = const. (6)
We solve the set of equations (4) numerially for vari-
ous initial energies and various number of osillators N .
All initial displaements φj and veloities φ˙j are gener-
ated from uniform probability distribution on the inter-
val [−ϕ, ϕ], where ϕ is a parameter. Its value has to be
adjusted aording to the value of initial energy. In gen-
eral, the larger initial energy the larger the value of ϕ.
In our numerial simulations we adjusted the time step,
and therefore auray of numerial proedure, to ensure
energy onservation.
Due to assumed boundary onditions it is onvenient
to analyze the results of our simulations in the basis of
plane waves
φj(t) =
1√
N
kmax∑
k=kmin
bk(t)e
−ikj , (7)
3where the dimensionless wave vetor k takes the values
k = nπ/2 and n = −N, . . . , N−1. Note that modes with
|k| > kmax are not present in (7). The ut-o of large
|k| is introdued in our model by disretization of spae.
We will show that the ut-o position (or equivalently the
number of spatial grid points N) plays a very important
role in our desription. Complex amplitudes of dierent
plane waves bk are subjet to a onstrain:
bk(t) = b
∗
−k(t), (8)
beause the displaement eld φj(t) is a real funtion.
This ondition is automatially satised in numerial im-
plementation.
III. THERMAL EQUILIBRIUM
The most important observation whih follows from
numerial solutions is that the system reahes a state of
equilibrium after some transient time. We heked this
observation by hoosing many dierent initial onditions
orresponding to the same initial energy. The equilibrium
state is haraterized by randomly-looking osillations of
eah plane wave amplitude bk(t). Its modulus |bk(t)|2
osillates in time from zero to some maximal value. The
mode with k = 0 has the largest amplitude. In general,
the larger the wave vetor |k|, the smaller the amplitude
of osillations of the orresponding mode.
We will now analyze the stationary state. It depends
on the energy E and the number N . Let us analyze
the frequeny spetrum of eah plane wave amplitude
b˜k(ω) =
∫
dteiωtbk(t). It turns out that the randomly
looking osillations of bk(t) have a very regular spetrum.
Typial frequeny spetra of plane wave amplitudes with
k = 0,−5, 5 are plotted in Fig. 1.
The spetrum of eah mode is omposed of two peaks
entered around ωk and −ωk. The peaks have nite
width whih is relatively small as ompared to the en-
tral frequeny. Therefore, in the rst approximation, it
is justied to neglet the width of peaks in the frequeny
spetrum and assume that eah plane wave amplitude
osillates in time with two frequenies. The frequeny
ωk is dened as the weighted mean value of frequenies
orresponding to the positive frequeny peak:
ωk =
∑
ω>0 ω|b˜k(ω)|2∑
ω>0 |b˜k(ω)|2
(9)
while eetive amplitude βk is:
βk =
√∑
ω>0
|b˜k(ω)|2 (10)
In this way we dened an unique frequeny ωk and am-
plitude βk for every mode k. Thus the amplitude bk has
the following time dependene:
bk(t) = βke
−iωkt + β∗
−ke
iωkt. (11)
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FIG. 1: Spetrum of amplitudes for energy E = 0.1, λ = 1,
number of grid points N = 64 and a) k = 0, b) k = −5, )
k = 5. Note existene of two peaks entered at ωk and −ωk.
We heked that the frequenies ωk fulll the following
dispersion relation
ωk =
√
4 sin2
k
2
+ ω20 , (12)
where ω0 is the frequeny of the k = 0 mode. Numerial
t shows that:
ω20 = 2λα
kmax∑
k=kmin
|βk|2, (13)
and α is lose to 4.5. In Fig. 2 we show the dispersion re-
lation obtained from numerial simulations (points) and
ompare it to the analyti formula (12). Comparison
shows remarkably good agreement.
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FIG. 2: Dispersion relation. Points refer to numerial sim-
ulation with E = 0.1, N = 64 and λ = 1. Curve refers to
formula (12) with α = 4.5.
In the ontinuous limit, where Eq. (4) beomes a non-
linear wave equation the 4 sin2(k/2) term beomes simply
k2. This dierene is due to disretization of spae and
the simplied form of the disrete version of the seond
spatial derivative.
In the state of thermal equilibrium the dispalament
φj(t) an be approximated by
φj(t) =
1√
N
kmax∑
k=kmin
(βke
−i(kj−ωkt) + β∗
−ke
i(kj−ωkt)).
(14)
Normal modes of the system are plane waves. Every
mode k osillates with two opposite frequenies ωk and
−ωk. Amplitudes orresponding to these frequenies are
related, |βk| = |β−k|. Using the language of the eld
theory we an say that the positive frequeny part or-
responds to partile-like modes while the negative fre-
queny omponent orresponds to antipartile-like exi-
tations.
The total energy of the interating system an be ex-
pressed in terms of amplitudes βk and frequenies ωk
similarly as in the linear ase:
E = 2
kmax∑
k=kmin
ω2k|βk|2. (15)
Fator two whih appears in the above formula omes
from the fat that eah plane wave osillates with two
frequenies of opposite sign and eah of them gives the
same ontribution to the energy. We hek that disagree-
ment between values of energy given by Eq. (6) and (15)
is not larger than 5%− 10%. Therefore, the total energy
is a sum of energies of independent modes. The hamilto-
nian expressed in terms of plane waves is diagonal.
One of the most important results of our numerial al-
ulations is that total energy is evenly distributed among
all plane wave modes. The equilibrium state reahed dur-
ing nonlinear evolution is haraterized by equipartition
of energy:
εk = 2ω
2
k|βk|2 = const. (16)
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FIG. 3: Equipartition of energy. Energy per mode, Eq. (16),
as a funtion of wave vetor. Points refer to numerial simu-
lation of Eq. (4) with E = 0.2, N = 64 and λ = 1.
where εk is the energy per mode. Obviously εk = E/N .
Fig. (3) illustrates the equipartition of energy. Let us re-
mind that no equipartition of energy is observed in FPU
problem.
Having the equipartition of energy we an dene a tem-
perature of the system:
T˜ = εk, (17)
where temperature is expressed in unit of ǫ/kB (kB is the
Boltzmann onstant).
IV. PHONONS
In the previous setion we have shown that the non-
linear hamiltonian (6) an be expressed in the diagonal
form (15) for eah partiular state of thermal equilibrium.
Note that it annot be done `globally', i.e. independently
of the total energy of the system. This is beause the
eigenfrequenies depend on the energy.
The diagonal hamiltonian (15) is a sum of energies ofN
independent harmoni osillators of frequenies ωk. The
interation strength λ enters this hamiltonian through
the eigenfrequenies ωk only.
This piture is purely lassial. In what follows we will
reformulate our results in the language of quantum many
body theory. Our goal is to reah a better understanding
of foundations of the lassial elds method.
The hamiltonian (15) an be quantized with the help
of anonial quantization proedure, i.e. by dening po-
sition and momentum in terms of amplitudes βk, and
then imposing anonial ommutation relation between
them. However, bosoni ommutation relations are vio-
lated in the lassial elds method  lassial amplitudes
do ommute. Thus we will hoose a dierent approah.
First we will dene dimensionless amplitudes. These
amplitudes are the only dynamial objets appearing in
the lassial eld method. In order to dene them we
have to rewrite Eq.(15) using quantities with their proper
5dimensions:
H = m
kmax∑
k=kmin
Ω2k|Ak|2, (18)
where Ωk = (1/t0)ωk is the frequeny and Ak =
√
2Lβk
is a lassial amplitude of eah harmoni osillator. To
dene dimensionless amplitudes we need some universal
quantity whih has dimension of an ation. Suh a quan-
tity does not exist in the lassial theory. Therefore we
have to introdue this onstant by hand. We will use
symbol ~ for this elementary ation. At this moment its
value an be arbitrary. So far we have not mentioned
any physial ondition whih ould, at least in priniple,
determine its value. At a later stage this onstant will
be identied with the Plank onstant.
Let us dene units of amplitudes:
A0(k) =
√
~
mΩk
(19)
and dimensionless amplitudes for eah osillator:
Bk =
L
√
2βk
A0(k)
=
√
2mΩk
~
Lβk, (20)
and express the Hamiltonian Eq.(18) in terms of Bk:
H =
kmax∑
kmin
~Ωk|Bk|2. (21)
This form of the Hamiltonian Eq.(21) is a familiar one.
The energy of eah plane wave mode is equal to the
energy of elementary quantum of a given frequeny Ωk
times some positive real number:
Nk = |Bk|2, (22)
whih an be alled a number of phonons. We want to
stress one more that number of phonons dened above is
not an integer. Therefore it an have a physial meaning
of the number of quasipartiles only if its value is large
as ompared to one. Moreover, the value of Nk depends
still on the (arbitrary) value of the elementary ation ~.
Beause there is no limitation on the maximal amplitude
of a harmoni osillator, the value of Nk an be arbitrar-
ily large. Our lassial eld annot therefore orrespond
to partiles obeying fermioni statistis. However it an
orrespond to highly exited Bose eld.
Equipartition of energy Eqs. (16), (17), disussed in
the previous setion, an be expressed in terms of Nk:
~ΩkNk = kBT, (23)
where kB is the Boltzmann onstant and kBT = ǫT˜
where T˜ is known from our numerial simulations. On
the other hands if Nk orresponds to the number of
phonons (in the `lassial limit') than in the thermal equi-
librium it should obey Bose statistis:
Nk =
1
e~(Ωk−µ)/kBT − 1 , (24)
where µ is a hemial potential. In the limit of low fre-
quenies Ωk, the equilibrium oupation of the mode k
an be approximated by:
Nk~(Ωk − µ) = kBT. (25)
Comparison of Eq. (25) and Eq. (23) shows that oupa-
tion of normal modes obtained in our alulations agrees
with a low frequeny limit of Bose statistis provided that
µ = 0.
Equipartition of energy denes the energy per mode.
All modes with wave vetors |k| < kmax are oupied by
phonons while other modes are empty beause of the mo-
mentum ut-o used in the implementation of the model.
This distribution of energy is a 1D analogue of the Plank
distribution of the blakbody radiation. The Plank dis-
tribution says that energy density grows with frequeny
up to some maximal value and then falls exponentially
to zero. This initial growth is related to the phase spae
volume whih inreases with k as ∝ k2 and is absent in
the 1D model studied here. The exponential deay of the
blakbody energy density in replaed by a sharp ut-o
at k = kmax in our alulations.
We will use the similarities desribed above to deter-
mine the value of ~ whih will allow us to nd the abso-
lute value of the number of phonons Nk. Following the
Plank idea we determine the value of ~ by equating the
temperature of the system to the energy orresponding to
the position of the maximum in the energy distribution.
In our ase this `maximum' orresponds to the ut-o:
~Ωkmax = kBT. (26)
Eq. (26) plays a ruial role in establishing a link be-
tween lassial elds approah and the quantum theory
of Bose system. It gives the value of the Plank on-
stant up to a numerial fator of the order of one. This
fat establishes a limitation of auray of the method,
in partiular the auray of the number of partiles, or
equivalently the value of the temperature of the system.
By omparing Eq.(26) and Eq.(23) we see that number
of partiles oupying the mode with the largest energy
is equal to one:
Nkmax = 1. (27)
This means that oupation of all modes with k smaller
than kmax is marosopi, Nk > 1, whih is in agreement
with a ommon understanding of the lassial limit of the
quantum eld. Indeed in the lassial elds method the
number of modes used in numerial implementation has
to be arefully adjusted. As suggested in [10℄ it should
be suh that the oupation of the highest mode is equal
to 1.
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FIG. 4: Relative number of phonons in k = 0 mode as a
funtion of temperature for dierent total number of quasi-
partiles: NPh = 85 (gray irles) and NPh = 175 (blak
irles). Points refer to numerial simulations of Eq.(4) with
λ = 1. Lines represent a t with α = 4.5.
In what follows we give an illustrative example of ap-
pliation of the dened above proedure of `quantization
of a salar eld' studied in this paper. We solve the dy-
namial equations for various total energy of the system
and various number of grid points N . In our alulations
we used rather small values of N ranging from N = 16 up
to N = 1024. We hek if the system reahed the state
of thermal equilibrium by determining a frequeny spe-
trum ωk and amplitudes βk at various stages of time evo-
lution. When the stationary state is reahed we ontrol
equipartition of energy and determine the temperture.
Finally, oupation of dierent eigenmodes is obtained
from the following relation:
Nk =
|βk|2
|βkmax |2
. (28)
Evidently Nkmax = 1, what is equivalent to the ondi-
tion (26). If total number of phonons NPh =
∑
Nk is
dierent than assumed we have to repeat the alula-
tions hanging the number of grid points. In general the
smaller the energy the smaller N has to be used in order
to keep the same number of phonons. This way we are
able to get oupations of all normal modes as funtions
of temperature for a xed total number of phonons.
In Fig.(4) we present oupation of k = 0 mode
as a funtion of temperature for nonlinear interation
strength λ = 1 and two dierent total number of
phonons. The solid line represents a t to the numer-
ial results. The results show that relative oupation of
the spatially uniform k = 0 mode grows quite rapidly at
temperatures lose to zero. There is no phase transition
in the studied system beause, rst of all, our system
is one-dimensional, and also elementary exitations are
massless. The main goal of these alulations was to il-
lustrate how the lassial eld method works in pratie.
V. CONCLUDING REMARKS
In this paper we started from the desription of
a purely lassial system. Our numerial simulations
proved that nonlinear interations drive the system to-
wards an equilibrium. Energy in the equilibrium is evenly
distributed among all modes of |k| ≤ kmax. Modes or-
responding to |k| > kmax are not exited and do not
ontribute to the total energy. They are absent in our ap-
proah beause of the ut-o whih is an essential ingre-
dient of the method. In order to `quantize' the dynamis
we introdued the Plank onstant. Then we ould de-
ne dimensionless amplitudes of eah osillator and the
number of exitation quanta of eah mode  phonons.
However, the number of phonons depends on the value
of ~ whih, at this stage of the approah, an be arbi-
trary. In order to assign a value to ~ we followed the
Plank's idea. We used the fat that Plank's distribu-
tion of energy leads to its equipartition for small values
of k and exponential drop for large k. Energy distribu-
tion reahes a maximum at frequeny ωkmax lose to this
satisfying the relation ~ωkmax = kBT . In our approah
the same ondition was used to determine the value of ~
and thus the number of phonons NPh.
We believe that our studies shed more light on the
lassial elds method used for desription of a weakly
interating Bose-Einstein ondensate. The way of reason-
ing goes the opposite way in `derivation' of this method.
One starts with quantum many body theory of a Bose
gas with short range interations. Two partile intera-
tion energy is g/V where g is proportional to the s-wave
sattering length and V is the volume. The number of
marosopially oupied modes is being assumed a pri-
ori by hoosing a value of the ut-o momentum kmax.
Annihilation operators of these seleted modes are then
substituted by lassial amplitudes αk and Heisenberg
operator equations transform into equations for lassial
amplitudes αk:
i~
d
dt
αk =
~
2k2
2m
αk +
gNp
V
∑
k1,k2
α∗k1αk2αk1−k2+k, (29)
where Np is the total number of partiles. This quan-
tity orresponds to the number NPh of phonons i the
disussed lassial model. Note that Np does not enter
dynamial equations alone  it is multiplied by the inter-
ation strength g.
Relative oupation of dierent k modes is losely re-
lated to the lassial amplitudes:
|αk|2 = Nk
Np
= nk. (30)
Let us observe that the Plank onstant appears in the
equations right from the beginning. But its value an
be arbitrary  the lassial amplitudes αk are a diret
analogue of amplitudes Bk of our model.
Dynamis of lassial elds leads to the equipartition
7of energy:
~ωknk =
kBT
Np
= const. (31)
Only the value of ~ωknk is known from numerial al-
ulations, therefore (31) allows for determination of the
ratio of kBT/Np but not the values of T , Np separately.
Note that both Np and g are not uniquely determined be-
ause only produt gNp is an initial ontrol parameter.
Aording to the present studies this problem an be re-
solved if the value of ~ is determined by the requirement
that the energy distribution of lassial elds mimis the
quantum distribution  the position of maximum ought
to be approximately given by
~ωkmax = kBT. (32)
This equation together with the equipartition relation
allows for determination of the partile number:
Np =
1
nkmax
. (33)
In the lassial elds method the above ondition is jus-
tied on a basis of heuristi arguments by saying that
all lassial modes have to be marosopially oupied.
The approah we used gives a new interpretation of this
reasoning.
Moreover, our studies show limits of the `preditive
power' of the lassial elds method. Beause the Plank
onstant is determined with limited auray all predi-
tions about the total number of partiles or temperature
of the system are aurate up to a numerial fator of the
order of one. It seems therefore that attempts of more
aurate determination of the temperature [11℄ annot be
free of the ambiguity related to the position of the ut-
o. In addition the lassial elds method annot be used
for desription of very subtle eets suh as a shift of the
ritial temperature of Bose-Einstein ondensation due to
interations. For a typial system this shift is very small.
Some eorts [3℄ of obtaining the shift of ritial tem-
perature using lassial elds method must be inevitably
biased by the approximate harater of Eq.(32).
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